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SUMMARY

The results of observations are presented of phase difference of cohe-
rent frequencies of 20 and 30 Mc, carried out from AES Electron-1 and Elec-
tron-2 during the periods February-March and July-October 1964 in the city
of Gor'kiy. The course of the total electron concentration was obtained
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The minimum values N__ (0.2 ¢ 0.3) -10!3 el cm™? are noted at nighttime,
and the maximum values N _(1.3 : 1.5) .10!3el cm™2 in the afternoon hours.
The dependence is presented of ionosphere's effective thickness on the time
of the day. Two maxima of effective thickness of the ionosphere are obser-
ved, respectively at times of sunrise and sunset. Obtained also is the de-
pendence of the dimensions of large-scale inhomogeneities and of the magni-
tude of relative variation of electron concentration A&N,/N, on latitude and
the time of the day.

*® *

Observations of signals from AES Electron-1 and -3 were carried out
Zimenki during the periods from 22 February to 26 March and from 7 July to
1 October 1964 in the coherent frequencies of 20.005 and 30.0075 Mc/sec.
More than 100 sessions were altogether conducted, of which 76 have been
processed. The main object of observations was the investigation of the
distribution of electron concentration in the ionosphere, the obtaining of
the daily course of electrons in a vertical column of unitary cross sec-
tion and of the effective thickness of the ionosphere above the F2-layer
maximum, the study of the latter's variations in shape in the course of a
day, and the ascertaining of temporal and spatial regularities 1in the be-
havior of the imhomogeneities of a ''full column" of electrons to the height
of the satellite.
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The dispersion intcrferometer method, the receiving apparatus and the
the method of experimental data are sufficiently fully described in the
works [1, 2, 3]. Presented in the current paper are the results of obser-
vations of AES Electron-3 related to evening, night and morning hours for
the period from July to October 1964. For comparison we also brought out
the data on the integral electron concentration obtained with the aid of
AES Electron-1, related to daytime hours (0930 to 1700 hours) in February-
March 1964 and presented in the work [3].

oo

The dependence of the total column of electrons Nne =.dez on the time
0

of the dayis shown in Fig.l; N_, was computed according to readings of signal
phase differences in two frequencies and to the data of the station for the
vertical sounding of the ionosphere using the method described in [3]. The
daily course was taken down on different days and seasons. The total in-
tegral refers to the vertical profile of the ionospherc passing through the
"sub-ionospheric point' (see [3]), which was located for the considered
flights in the ~53° : 59° latitude interval. Besides the daily course, the
seasonal dependence is also seen in Fig.l. In the summer months the rise
of integral concentration begins somewhat earlier.
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The results of observations have shown that the maximum value of the
total electron column at the latitude of Gor'kiy in the period of solar acti-
vity minimum correspond to the near-noon hours (1100 : 1500 hours) and con-
stitute (1.3 # 1.5) -10!3 el.cm™2, and the minimum value -between 2200 and
0200 hours- constitutes (0.2 : 0.3): 10!3 el-cm™2. The ratio

Nn max / Nnmin“’ 5+ 6.

The lower curve in Fig.l corresponds to the integral electron concentration

to the FZ-layer maximum ©0
Np j Ndz,

z
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where z,;, is the height of the F,-layer maximum; Npb was computed according
to the data of vertical sounding at Zimneki. The mean values of the ratio
Nna/Npps where Npo= Ndz is the integral electron concentration above the
F,-layer maximum, are compiled in Table 1. '

TABLE 1

ELECTRON-1 ELECTRON-3

T |

t (hrs, min.)| 09 30| 12 30| 15 30| 18 00| 20 00| 23 00| 0100 | 0400| 0730

o

|
|
Npa / Npb 2.8 2.6 | 4.2 6. 3.6 | 2.25| 2.7| 5.2| 4.0

Comparison of the obtained daily course of N_, with the measurement data
related to solar activity maximum of 1960 (see, for example [4]), shows that
the ratios N,max/Npmin and N, /N,, depend little on the activity of the Sun
while the values of Npo in the period of the minimum are 3 -6 times smaller
than in the period of the maximum.

Data on integral concentration of electrons to satellite height
Zs

Nps = J N dz (25~ 1000 km)

obtained in the period of decreased solar activity (1962) with the aid of
AES Transit 4A. These data agree well with the results of our own measure-
ments. J

We assumed, as was done in [3], that above the F;-layer maximum, and up
to ~ 1000 km, electron concentration is distributed according to the expo-
nential law

N a0 (= ).

where H is the effective thickness of the ionosphere above the F,-layer
maximum; Hyo and z,.. are respectively the concentration of electrons and
the height of the F,-layer maximum.

The daily course of the effective thickness of the upper part of the
ionosphere (H) is plotted in Fig.2 by a solid line. Plotted in the same
graph is the daily course of the effective thickness of the entire iono-
sphere (1), defined as t = N, / Niax (dashed 1line).

It may be seen from the graph that ionosphere ''expansion'' takes place
twice a day: after sunrise (0500-0700 hrs) and during sunset (1700-1900 hrs).
In daytime (100 : 1600 hrs) the effective thickness of the ionosphere is
T~ 250 & 300 km.



Qualitatively the presence of maxima and minima at sunrise and sunset
may apparently be explained by the irregular illumination of the the entire
thickness of the ionosphere at these hours. Sunrise, and consequently,also
the ionization of the upper layers of the ionosphere by ultraviolet radia-
tion, begins earlier than in the lower part and at the altitude of the F,-
layer maximum. Analogously, at sunset too the upper layers of the iono-
sphere are subject to the action of solar radiation during a more prolonged
time than the lower ones.

it is interesting to compare the curve for v in Fig.Z with an analo-
gous dependence obtained in the period of solar activity maximum in [4].
The diurnal values brought out in this work and the morning maximum just
about coincide with our results. The evening maximum is more spread out,
practically merging with the morning one. Apparently, the enhancement of
solar activity is more manifest in the nighttime concentration of the layer.

The daily dependence of the parameter T is also brought out in (5],
but, contrary to our data, the effective thickness of the ionosphere 1is
determined here to the height of the satellite, that is

T =6f5Ndz / Ny

This may explain the discrepancy in the value of 1 maximum in morning
hours (420 km). There is no clearly expressed evening hour maximum in the
work [5].

THo

Electron-3

webpast - mopm

0 p [} ) 5 0 2% T hours
July-Aug. Febr.-March Sept.-Oct.
Fig.2

The variation in shape of the Fz-layer in the course of 24 hours is
shown in Fig.3. The lower part of the profile to the Fy-layer maximum
is computed for each case with the aid of a computer. The average profile
is plotted in Fig.3 for a given time of the day. Above the Fp-layer maxi-
mum the shane of the layer was considercd exponential with the mean value
of Il corresponding to the given time.



In our opinion, great intercst is offered by the comparison of the pro-
files obtained with the recently published result of impulse sounding of the
tonosphae with the aid of AES Alouctte [6]. The data of the latter show
that the upper part of the F,-layer has a completely smooth course up to
v 1000 km, which is well described by the exponental law and which does not
reveal any secondary maxima [7].
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Fig.3. The first profile 1) cor- Fig 4. Total integral Njg =j"N dz
responds to 0900 : 1000 hours; 0
2) == to 1200 : 1400 hours; 3) to satellite's height as a function
— to 1700 + 1800 hours; 4) = to of time for the period of one sess.
1900 + 2000 hours; 5) — to 2300 : (curve 1). Satellite height va-
+ 0100 hours; 6) — to 0200 + riation (curve 2). Latitude of the
+ 0400 hours; 7) 0600 : 0700 hrs. sub-ionosphere point for the same

period (curve 3)

For comparison we plotted in Fig.3 the profile obtained in [6] at 40°
latitude at 1314 hours local time in December 1963 (dashes). A certain dis-
crepancy is quite easily explained by the latitude and seasonal course.

The investigation of the irregular course of the total column of elec-
tron concentration included the study of the fluctuations of the total elec-
tron concentration column as ‘a function of the time of the day and of lati-
tude. The total integral to th@sheight of the satellite

Nns '—‘deZ
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as a function of time for the period of a single observation session is
shown in Fig.4. It may be seen that large-scale as well as tiny fluctua-
tions of the total column of electrons take place. The smoothed dependence
Nps(t) is shown in the diagram by a_dashed line. The relative fluctuations
of the total electron column AN s/Nps were determined for each inhomogene-
ity; here N, is the relative value ol the integral on each portion, and
ONho 1s the maximum deflection from it. The horizontal dimension of these



inhomogéneities was computed by the formula

i = atiz— v,
where At is the duration of the i-th inhomogeneity, zp is the height of the
"sub-ionospheric'" point; zg is the height of the satellite and vy is its hori-
zontal velocity. Moreover determined was the parameter AT/T of inhomogeneity
appearance, where T is the total observation time and AT is the time in the
course of which inhomogeneities were observed.
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Shown in Fig.5 is the histogram of the parameter T/T of inhomogeneities
with various dimensions in the course of different periods of a day*. It may
be seen that for inhomogeneities with dimensions to 50 km there 1s observed
a maximum in diurnal hours, which then gradually spreads out. More probable
in the nighttime is the appearance of inhomogeneities with dimensions ~ 100 =
: 200 km. These results agree well with the data earlier obtained by us on
AES Cosmos-1 and Cosmos-2 [8].
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Analogous histograms for the parameter ANp/Np are brought out in Fig.6.
The number of cases is plotted in ordinates, and ANn/Np is shown 1n percent in
the abscissa axis. A clearly expressed maximum ANp/Np < 1% is seen in daytime
hours, which then becomes wider; relative fluctuations aNp/Npv1 + 2% are most
probable in nighttime, but values aNp/N,~3 @ 6% are also encountered.

*

Only large-scale inhomogencities with dimensions from 20 to 500 km were
fixed.



In the flight considered the ''sub-ionospheric' point was situated in the

v 53° : 659° latitude interval.

the North could be traced.

This provided the possibility of constructing
the latitude distribution of inhomogeneity dimensions ! and of fluctuations

MNL/Np for 20-minute intervals of geographic latitude.
mogeneity dimensions and of relative fluctuations ANp/Np in the direction to

The increase of inho-

We compiled in Table 2 the mean values of the parameter of inhomogeneity
appearance for various times of the day.
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TABLE 2

ELECTRON-1

ELECTRON-3

t, hrs 0930' 1100 | 1230

1400

1700

1800

2000

2300

0100

0300

0430

AT/7T 0.68 0.75} 0.73

0.03

0.03

0.75

0.7

0.6

0.7

0.5

0.45

Contrary to small-scale inhomogeneities with /~ 1 km, which have a clear-
ly expressed maximum of AT/T in nighttime, the parameter of large-scale inho-
mogeneity ( {3220 ) depends little on the time of the day.

The authors are grateful to L. M. Yerukhimov and N. A. Mityakov for use-
ful discussions, and also to L. M. Gonobobleva, V. A. Vasin, L. M. Barsukova

and L. I. Grekova for assistance in data processing.
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THE END
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